unique, and the social environment has changed rapidly in recent years. In this environment, the pregnant uterine arteries and fetal umbilical arterial blood flow mechanics influence the placenta and fetal blood supply. [6] Preterm birth is associated with abnormal uteroplacental circulation; thus, preterm birth might be more problematic in the Tibet region. [7] Moreover, preterm newborns may have lower IQ scores than term newborns. [8] Therefore, it is necessary to study the determinants of preterm births among native Tibetan women of childbearing age to prevent the occurrence of preterm births, especially important socioeconomic and environmental determinants; however, there are very limited epidemiologic data on preterm births among Tibetan women living on the Qinghai-Tibet plateau in recent years. In the current study, we assessed the incidence of preterm births among Tibetan women and examined the socioeconomic and environmental determinants by means of the data from a cohort study in the rural Tibet region of China. 
methods

Ethical approval
Study setting and data source
The Tibet region is located on the Qinghai-Tibet plateau and has an average altitude of 4000 m. [9] The gross domestic product of Tibet increased from 29.07 billion Ren Min Bin (RMB) in 2006 to 70.10 billion RMB in 2012. The total population increased from 2.85 million in 2006 to 3.08 million in 2012 and >95% of the population is ethnic Tibetan. The data in this study were derived from a cohort study on health care during pregnancy, which was conducted in rural Lhasa of Tibet from 2006 to 2012. Lhasa area is located in the middle of Tibet and has an average altitude of 3658 m. Lhasa area is one of the living centers for Tibetan people and is an area representative of Tibetan culture and customs. Two counties of Lhasa (Chushur and Taktse) and four rural communes of Lhasa city were selected as the study site, across which the altitude varies from 3500 to 5000 m.
A total of 1558 pregnant women from the study sites were followed and 1433 pregnant women were followed from 20 weeks' gestation until delivery; the loss to follow-up rate was 4.69%. In the current study, 1419 pregnant women with singleton gestations were included [ Figure 1 ]. According to a preterm birth rate of 5%, an error of 1.80%, α = 0.05, 1− β = 90%, and expected 20% nonresponse rate, we estimated the sample size for this study at 677. Thus, the number of the women from the cohort met the requirement of preterm birth analysis.
Participants and follow-up during pregnancy
All participants were Tibetan pregnant women 15-49 years of age who were Tibetan natives living in rural areas of the study site. The participants were interviewed three times during the follow-up period. The first interview occurred at 20 weeks' gestation, at the time the women enrolled in the study. Gestational age was calculated based on the last menstrual period. The second interview took place at 28 weeks' gestation, and the final interview was at 32 weeks' gestation. Information on prenatal care was collected at each interview and included maternal weight, upper arm circumference, hemoglobin level, blood pressure, heart rate, the presence of edema, fundal height, and abdominal girth. Socioeconomic and environmental information was collected during the first interview. All participants were interviewed and followed by a trained maternal and child health (MCH) care staff. Gynecologists and obstetricians collected outcome data from births occurring in city and county hospitals, while birth outcome data from births occurring in homes were collected by MCH staff of the county hospitals.
Definitions of preterm birth
Adverse pregnancy outcomes included preterm births, miscarriages, and stillbirths. [10] Preterm birth was defined as births occurring at <37 completed weeks ' gestation. The incidence of preterm births was calculated by dividing the number of preterm births by the total number of deliveries. [11, 12] In the current study, preterm birth was classified as moderate preterm (32-37 completed weeks' gestation) and very preterm (28-32 completed weeks' gestation). 
Hierarchically conceptual frame of determinants
Based on the literature and the characteristics of the Tibetan participants, [13] [14] [15] we selected 16 variables for exploratory analysis regarding the association with preterm birth. According to the hierarchically conceptual frame, [16] we built different levels of determinants considering the complex dynamic of preterm birth and the potential interaction between different levels. As shown in Figure 2 , variables in the theoretical framework were classified into distal, intermediate, and proximate determinants and referred to Levels I, II, and III, respectively. At the distal level (Level I), the following socioeconomic and environmental variables were included: season and year of delivery. Variables, such as the age of the husband, maternal education, place of residency, prenatal visits, family size, and family livelihood, were placed in the intermediate level (Level II). The proximate determinants level (Level III) reflected the health-related variables of the mothers and newborns and included age of menarche, maternal age, body mass index (BMI) of the mothers, anemia during early pregnancy, parity, number of preterm births, gender, and weights of the newborns.
Using the method of the division of four seasons at an altitude of 4000 m, [17] we grouped April, May, and June as spring, July as summer, August and September as autumn, and October, November, December, January, February, and March as winter. The classification of anemia was based on the adjusted hemoglobin level, which was associated with altitude. [18] We differentiated mothers in whom the hemoglobin level was <127 g/L for the first time as anemica.
Quality control
To ensure that the results of the survey were accurate and reliable, we invited experts from the Maternal and Child Health Care Hospital in Lhasa to train MCH staff, who were responsible for providing follow-up to the participants, and instructed them on the working procedures. A standardized Tibetan-Chinese bilingual questionnaire was used to collect the information on sociodemographics, prenatal visit data during the entire pregnancy, and pregnant outcome data. We unified inquiry and measurement methods before the formal investigation. Regular assessments and examinations were performed during the entire follow-up period.
Statistical analysis
A database was established using Epi Data 3.1 software (The EpiData Association, Odense, Denmark), and duplication was adopted for data entry. Continuous variables were summarized as the mean with standard deviation or median (Q 1 , Q 3 ), and categorical variables were reported as percentages. Differences in variables between preterm and term births were compared using Chi-square tests and t-tests, and the incidence of preterm births was also compared by Chi-square tests for selected determinants. Figures were created with Excel 2012. Logistic regression models for longitudinal data were established, and odds ratios (ORs) with 95% confidence intervals (CIs) were used to evaluate the association between the occurrence of preterm births and 16 selected factors. All analyses were performed using STATA statistical software (version 12.0; StataCorp LP, College Station, TX, USA). A two-tailed P < 0.05 was considered statistically significant.
resuLts
Characteristics of the participants
The mean gestational age at delivery of Tibetan women was 39.31 ± 1.86 weeks. Among the deliveries, the proportion of term births was 95.42%. Based on the percentage distribution of characteristics in relation to the distal, intermediate, and proximate variables of the participants by pregnancy status [ Table 1 ], women with a preterm birth were significantly different from women with term births regarding season and year of delivery (P < 0.05). Furthermore, it appeared that women with preterm births more often had more than one pre-preterm birth ( χ 2 = 7.12, P = 0.008). Newborn weight and length of preterm birth were significantly different from term births (P < 0.001); however, there were no significant differences between women with a preterm birth and women with a term birth as a function of husband age, prenatal visits, maternal education, family size, family livelihood, place of residency, maternal age, age of menarche, BMI, anemia, parity, and gender of the newborn.
Incidence of preterm births
T h e i n c i d e n c e o f p r e t e r m b i r t h s w a s 4 . 5 8 % (95% CI = 3.55-5.80%) among Tibetan women. Figure 3 shows that the highest rate of preterm births (9.42%) occurred in the summer, followed by the winter, spring, and autumn (χ 2 = 8.59, P = 0.035). The incidence of preterm births decreased significantly from 6.25% in 2007-2008 to 1.25% in 2011 (χ 2 = 11.05, P = 0.011). The women who were involved in farming had a similar rate of preterm birth compared with women in animal husbandry (4.89% vs. 3.00%, χ 2 = 1.59, P = 0.208). The Tibetan rural women had a higher incidence of preterm births than urban women, but there was no statistical significance (5.00% vs. 3.42%, χ 2 = 1.60, P = 0.206). In addition, 90.77% of preterm births were at 32-37 weeks' gestation and only 9.23% of preterm births (2 males and 4 females) occurred at 28-32 weeks' gestation. The weight of the preterm newborns was 2300 g on average (2000 g, 2690 g ) and the median length was 45 cm (40 cm, 48 cm).
Determinants of preterm birth
As shown in Table 2 , the univariate analysis for distal determinants showed a direct association for year of delivery To address the hierarchical approach and access the independent contribution of distal determinants, Models A and B were performed [ Table 3 ]. Because we postulated that socioeconomic and environmental level (level I) has an effect on preterm birth not mediated by level II, we added the intermediate variables to the distal variables. Table 3 
dIscussIon
All participants in the study were Tibetan women who lived in the Tibet region of China, which has a higher altitude and unique cultural and social environments. The current study investigated the status of preterm births among Tibetan women and showed a lower incidence of preterm births (approximately 4.58%), which was lower than reported in China (6-10%), [19, 20] Brazil (12%), [21] and other countries (5-15%). [22] Based on the view of environmental adaptation and evolutionary adaption, several human populations, including the Tibetans, have survived for millennia at high altitudes and have adapted well to hypoxic conditions. [23] In addition, Tibetan women have an inferred autosomal dominant major gene for high oxygen saturation that may be associated with higher offspring survival. [24] Therefore, it is a likely possibility that the occurrence of preterm births may not be influenced much by the special natural and humane environments in the Tibet region.
In fact, much has been learned about the risks associated with preterm births at the individual level. Few studies have explored the structural causes responsible for the overall effect to the incidence of preterm births at the population level. In the current study, we adopted a hierarchically conceptual frame to investigate the socioeconomic and environmental determinants to preterm births in Tibetan women from three levels to explore the overall effect of the role of some relevant socioeconomic and environmental determinants explaining the variation in incidence of preterm births from a large sample of Tibetan women. Our findings suggest that the season and the year of delivery constitute main determinants of the incidence of preterm births among Tibetan women. A study [25] in Korea indicated an association between seasonal pattern and preterm birth. For Tibetan women, the high risk for preterm birth in the summer was more remarkable after adjusting for the intermediate and proximate determinants, which was consistent with the study conducted in Greece. [26] In Tibet, the summer refers to 1 month only (July); the stimulation of temperature to the intrauterine environment and more exercise may be some reasons for the high rate of preterm births. As a result, we suggest that seasonal maternal care measures should be strengthened in Tibetan women of childbearing age. Moreover, our results showed that the risk for preterm birth had a decreasing trend in recent years, and the trend persisted after adjusting for the intermediate and proximate determinants. This time trend was consistent with the Magro Malosso et al.'s study. [27] The improvement in the reproductive healthcare of Tibetan women and their nutritional status with local economic development might account for the observed trend.
In the current study, intermediate determinants were not shown to have a significant association with preterm birth, while the effect of socioeconomic and environmental determinants was partially produced by health-related variables (proximate variables). An important finding was that the risk for preterm birth among Tibetan women was related to the number of previous preterm births, which was in agreement with a report in which women with a previous preterm birth had a three to seven times higher risk for recurrent preterm birth at the next delivery. [28] One potential explanation may be that the uterus takes time to return to a normal state, including resolution of the inflammatory status associated with the previous pregnancy, so it is essential to extend the spacing of pregnancy. [29] We also found that the low birth weight newborns had a higher risk for preterm birth. Low birth weight was an important indicator to assess poor nutrition during pregnancy. [30] Poor nutrition in pregnant women can be described by body size and preterm birth can be caused by maternal thinness due to decreased blood volume and a reduction in uterine blood flow.
[31] Therefore, it is essential to improve the nutritional interventions to pregnant women to prevent low birth weight and preterm birth.
The current study used population-based data from a cohort study with a larger sample size and can reflect the targeted population of interest; however, there were some potential limitations, which might confound the results. First, data on the nonrespondents were not available due to poor traffic in rural areas of Tibet. Second, we had investigated some potential determinants, but there might be other factors not included in our study, especially some psychosocial factors, such as social support and stresses which arise from negative life events that the woman experienced since she became pregnant or the negative impact of pregnancy-related anxiety during pregnancy which could not be collected due to the study design.
